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1.  Introduction 


Terrain  aodollng  In  electromagnetic  scattering  problens  has  tradi- 
tionally involved  separating  the  terrain  under  consideration  Into  snail 
enough  segnent a so  that  a Huygens  source  approximation  to  the  treatment 
of  the  scattered  fields  Is  possible.1'2*^  Use  of  this  technique  vary 
often  requires  an  exceedingly  large  number  of  segments  to  properly 
represent  the  ground  surface.  Moreover*  numerical  Integration  techniques 
are  often  used  to  calculate  the  scattered  fields  from  the  Huygens  sources. 

This  approach  can  lead  to  computer  programs  running  times  on  the  order  of 

hours  for  many  applications  (ref.  3»  p.  70 ).  This  paper  is  concerned  with  applying  the 

half -plane  scattering  solutions  of  Senior^*  Vfooda-5 , and  Bromwich^  to  the 

modeling  of  a vide  variety  of  terrain  conditions  using  closed  form  analytic 

solutions.  The  use  of  such  a technique  can  reduce  computer  running  times 

for  many  common  terrain  situations  by  orders  of  magnitude. 

The  motivation  for  the  work  presented  here  was  a need  to  develop 
more  practical  techniques  (In  terns  of  reduced  computer  running  times) 
for  computing  the  performance  characteristics  of  instrument  landing  systems 
(ILS)  glide  slope  antennas  over  non- ideal  terrain.  Practically  all  glide 
slope  antennas  in  use  today  are  of  the  ground- image  type  which  depend  on 
ground  reflections  for  the  formation  of  the  guidance  bean.  The  formation 
of  an  ideal  glide  path  in  space  requires  a ground  plane  in  front  of  the 
antenna  that  is  infinite,  flat,  and  perfectly  conducting.  Such  a case 
Is  readily  calculated  using  simple  image  theory.  However,  this  ideal 
condition  is  never  encountered  in  practice  and  rarely  is  the  flat  ground 
in  front  of  the  antenna  of  such  an  extent  that  Imaee  theory  can  provide 
an  aocurate  model.  Many  tines  the  terrain  is  of  such  a nature  that  it  can 
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be  accurately  modeled  by  half -planes  and  large  (>  2-3  wavelengths) 
connected  stripe  that  are  Infinite  in  length.  Figure  1-A1  shows  some  typical 
geometries  frequently  encountered  in  practice  which  can  be  node led  by 
half -planes  and  strips. 

In  order  to  properly  characterise  the  performance  of  an  ILS  glide 
slope  antenna  on  the  glide  path  one  needs  to  calculate  the  total  fields 
at  n large  number  of  points  corresponding  to  an  aircraft's  position  as  it 
is  approaching  the  runway.  In  addition,  several  mors  approaches  above  and 
below  the  glide  path  and  either  side  of  the  runway  are  needed  to  complete 
the  glide  slope  characterisation.  Thus  the  scattered  fields  at  a very 
large  number  of  aircraft  positions  are  needed.  In  order  to  have  a terrain 
model  that  can  economically  and  accurately  account  for  scattering  from 
large  segments  of  terrain,  a closed  form  expression  for  scattering  fros 
these  segments  that  is  valid  when  the  segments  are  in  the  near  field  of 
the  radiating  antenna  system  Is  necessary.  Uss  of  the  half -plane  scattering 
solution  and  combining  two  half -planes  to  form  stripe  provides  the  basis 

for  such  a terrain  model. 

7 R 

Red lien  ' has  computed  the  performance  of  glide  elope  antennas  over 
limited  ground  planes,  however,  hie  approach  Involved  a two-dimensional 
terrain  model  and  allowed  evaluation  of  far  fjeld  performance  characteristics 
only.  The  terrain  model  developed  in  this  paper  is  a fully  three  dimensional 
model  and  allows  for  near  and  far  field  characterization  of  the  glide  slope 
antenna. 

Verification  of  the  approach  presented  has  been  aooomplished  by  using 
experimental  data  obtained  by  Lucas1^.  Good  agreement  between  theory  and 
experiment  has  been  achieved. 
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n>  APPROACH 

The  work  reported  in  this  Report  is  a continuation  and  expansion  of  that  of 
15* 

Godfrey  et  al  . In  the  latter  work  glide  path  DDM  structures  associated  with 

the  Capture  Effect  Array  image  type  glide  slope  ILS  over  infinite  planes  and 

half-planes  with  edge  transverse  to  the  glide  path  were  studied.  The  studies 

reported  herein  deal  with  all  three  image  type  glide  slope  systems  over 

varied  terrain  both  in  front  and  to  the  side  (lateral)  of  the  antennas  and 

runway.  The  theory  used  in  the  analysis  and  computer  programs  is  discussed 

in  Appendix  I-A  herein.  Table  1-1  lists  the  various  cases  for  which  DEW 

glide  path  structures  were  computed.  Section  II  discuses  the  results  of  the 

computer  runs  for  sloping  and  rising  foreground  and  their  relation  to  Category 

I and  II  tolerance  for  DDM  deviations.  Section  III  discusses  the  runs  for 

limited  lengths  of  flat  foreground  with  various  height  steps  to  a lower 

foreground  plane.  Section  IV  discusses  the  runs  involving  sloping  and  rising 

ground  to  the  side  of  the  runway.  Section  V discusses  results  for  various 

length  half-planes  with  edge  parallel  to  the  runway.  Section  VI  includes 

glide  path  EDM  structures  for  modified  focus  of  NR  and  SR  systems  over  the 
*** 

infinite  plane  . Also  results  are  discussed  with  modified  focus  and  height 
with  variable  azimuth  approach  angle  with  all  three  systems  over  terrain  with 
sloping  lateral  ground. 
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III. 


TRUNCATED  SLOFING  AND  RISING  FOREGROUND 


Figures  1-1,  1-2  and  1-3  show  DDM  path  structures  for  +0.6°  tilted 
foreground  pivoted  at  the  antenna  for  the  three  image  systems.  Antenna  height 
and  focus  are  fixed  at  the  standard  values  used  over  the  large  flat  plane 
(infinite  plane  equivalent).  Standard  heights  were  computed  from  the  equations 
of  Table  A-l,  page  A-2  of  reference  15.  For  antenna  element  position  dimensions, 
see  Figures  1-28,  1-30  and  1-32.  Positive  tilt  results  in  fly-up  DDM  while 
negative  tilt  results  in  fly-down  DDM.  The  results  for  run  5 are  consistent 
with  those  of  reference  3,  page  3-11*  Runs  1,2,3  (positive  tilt)  show  the  most 
deviation  from  ideal  (rain  0)  for  null  reference  (NR)  less  for  sideband  reference 
(SR),  and  the  least  deviation  for  capture  effect  (CE)  as  expected  due  to  the 
smaller  low  angle  radiation  of  SR  and  CE.  Run  6 (500’  sloping  strip)  for  NR 
shows  the  most  deviation  from  the  wide  strip  (10^  ft)  for  the  same  reason. 

With  the  standard  height  of  the  runs  none  of  the  systems  meet  Category  I or  II 
tolerance  as  indicated  by  Table  1-2;  however,  by  adjustment  of  height,  all 
systems  can  be  brought  within  tolerance.  The  antennas  must  be  raised  for  rising 
foreground  and  lowered  for  sloping  foreground.  The  gross  behaviour  of  these 
runs  is  explained  by  the  fact  that  with  rising  ground  the  antenna  patterns  are 
raised  resulting  in  fly-up  DDM  on-path  with  the  opposite  effect  for  sloping 
ground. 

Figures  1-4*  1-5,  1-6  and  1-7  show  DDM  path  structures  for  tilted  fore- 
ground pivoted  at  threshold.  For  rising  foreground,  reflections  occur  from 
both  the  horizontal  and  tilted  planes  in  the  vicinity  of  3000  feet  resulting 
in  the  large  fly-dour,  signals.  This  effect  decreases  for  both  the  SR  and  CE 
systems  because  of  decreased  low  angle  radiation.  For  the  sloping  ground  the 
DDM  follows  approximately  that  of  the  horizontal  plane  for  a diort  distance. 

At  longer  distances  the  effect  of  the  lower  antenna  height  above  the  tilted 
plane  predominates  for  the  NR  system,  the  antenna  patterns  are  raised  and  fly-up 
DDM  is  obtained  on-path.  For  the  CE  system  the  decreased  low  angle  radiation 
results  primarily  in  illumination,  of  the  HOC  foot  horizontal  half-plane  giving 
a small  fly-down  DDM  as  in  Figure  10  of  reference  15.  The  SR  system  gives  an 
intermediate  result.  CE  system  results  for  doubled  tilt  angle  are  not  much 
different,  as  expected,  as  shown  in  Figure  1-7.  If  the  curves  are  interpr.  ted 
ns  the  average  DDM,  all  systems  meet  Category  I and  II  tolerance  with  the  NR 
the  poorest  and  CE  the  best.  Antenna  height  adjustments  would  further  improve 
the  performance  cf  all  systems. 
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IV. 


TRUNCATED  STEPPED  HALF-PLANE  FOREGROUND 


Figures  1-8  through  1-10  show  fly-in  DDM  for  a 1000  foot  half-plane  with 
a step  down  to  a second  plane  as  indicated  in  the  figures.  Runs  were  made  with 
steps  of  10,  20,  30,  50  and  10^  feet.  The  result  with  the  last  step  is  the 
same  as  that  with  a single  1 000  foot  half-plane.  The  total  field  arriving  at 
the  aircraft  in  this  case  was  computed  by  summing  the  direct  field,  the  re- 
flection from  the  base  plane,  the  diffraction  from  the  edge,  the  reflection  of 
edge  diffraction  from  the  lower  plane,  and  direct  reflection  from  the  lower 
plane.  All  systems  meet  Category  I and  II  guidance  tolerances  for  both  average 
and  peak  deviations.  Further  improvement  in  average  deviation  could  be  achieved 
with  antenna  height  adjustment. 


Figures  1-11  through  1-13  show  results  with  steps  at  a 500'  edge.  Now 
the  deviations  from  the  ideal  are  much  larger  because  the  ground  currents  in- 
terrupted by  the  edge  are  much  larger  as  shown  by  Figure  5 of  Appendix  I-A. 

It  is  observed  in  the  latter  figure  that,  at  500  feet  from  the  antenna,  the  CE 
ground  currents  are  highest.  It  would  be  expected  that  diffraction  effects 
would  be  the  largest  for  CE  and  this  is  indeed  borne  cut  by  the  results.  The 

7 

CE  system  has  the  largest  deviation,  relative  to  NR  and  SR,  for  10  feet  and  10 

feet  steps.  Other  step  values  cause  intermediate  phasing  effects.  The  only 

V 7 

cases  meeting  Category  I and  II  tolerance  are  the  10  foot  step  for  NR,  10  and 
20  foot  for  SR,  and  none  for  CE.  The  effect  of  the  lower  plane  is  to  cause 
oscillations  (with  range)  about  the  DDM  values  for  the  half-plane  alone  (step  « 

n 

10'  feet).  Half-plane  EDM’s  can  be  corrected  by  height  adjustment  to  zero  DDM 
at  long  range  as  shown  by  Figure  17  of  reference  15.  Thus  some  cases  can  be 
brought  within  the  Category  I and  II  tolerance  by  antenna  height  adjustment. 
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V. 


TRUNCATED  SLOPING  AND  RISING  LATERAL  GROUND 


The  next,  series  of  runs  exhibit  fly-in  structures  for  sloping  and  rising 
ground  on  the  antenna  side  of  the  runway.  For  these  cases  the  antenna  is  offset 
300  feet  from  the  runway  centerline  and  is  located  on  the  tilted  strip  which 
begins  150  feet  from  the  runway.  Standard  antenna  element  heights  are  _sei 
but  these  heights  are'  perpendicular  distances  above  the  tilted  plane.  If 
standard  heights  above  runway  plane  are  used,  very  large  far  out  of  of  tolerance 
CDM  deviations  result.  Element  offset  cr  Yg  position  is  for  focus  at  standard 
height  over  the  runway  plane. 

Figures  1-14  through  I-l6  are  exploratory  runs  for  the  three  systems 
showing  the  effect  of  varying  the  extent  and  angle  of  a second  strip  attached 
to  a 200  foot  sloping  strip  as  indicated  in  the  figures.  A smooth  structure 
is  obtained  for  the  large  second  strip  of  run  3 with  oscillations  about  the 
latter  run  for  the  limited  widths  of  200  feet  and  0 feet  for  runs  2 and  l. 
Tilting  upward  of  the  second  200  foot  strip  as  in  run  4 adds  a small  slower 
oscillation  to  that  of  run  3-  The  CE  system  compared  to  NR  and  SR  has  slightly 
larger  oscillations  in  the  near  region  and  smaller  in  the  far  region  due  to 
the  larger  and  smaller  edge  diffraction  currents  of  the  near  and  far  region. 
Figure  1-17  shows  fly-in  structure  for  the  geometry  of  run  1 of  Figure  I-l6 
with  the  200  foot  strip  tilt  angle  varied  from  0° to  1.72°.  At  0°  the  os- 
cillations are  about  the  standard  response  cf  Figure  I-l6  while,  as  slope 
anrle  is  increased,  the  average  is  biased  below  the  standard.  All  runs  of 
Figures  1-14  through  1-17  are  within  Category  I and  II  tolerance. 

Figures  1-18  through  1-20  show  fly-in  results  for  the  three  image 
systems  for  sloping  and  rising  lateral  strips  of  200  feet  width  with  variable 
tilt  of  0.86c  to  6.88c.  The  antennas  are  nominally  300  feet  from  runvay 
centerline  with  standard  focus  and  standard  height  above  the  sloping  plane. 
Increasing  the  tilt  angle  of  the  ground  causes  increasing  fly-up  signals  for 
all  systems  except  for  CE  at  short  range  for  the  largest  angles.  For  the  NR 
system  angles  equal  to  or  greater  than  about  3°  produce  out  of  tolerance 
average  deviations  at  point  C (see  Table  1-2)  and  closer.  Angles  greater 
than  about.  6°  cause  excess  deviation  at  point  D and  closer.  The  SP  system 
is  similar  but  is  in  tolerance  for  3-44°.  The  CE  system  is  within  Category 

I and  II  tolerance  except  at.  threshold  for  tilt  angles  of  greater  than  about 
/ C 

o . 


Figures  1-21  through  1-23  show  runs  for  the  same  conditions  as  the  previous 
three  figures  except  that  the  strip  widths  are  reduced  to  150  feet,  so  that 
the  antenna  is  positioned  over  the  intersection  of  the  two  strips.  For  the 
NR  system  the  DDM  deviation  from  standard  is  now  decreased  for  all  ancles 
beyond  about  4000  feet,  but  the  larger  angles  still  cause  out  of  tolerance 
deviations  inside  40C0  feet.  The  SR  and  CE  systems  show  a markedly  different 
behavior  with  the  reduced  strip  widths  in  that  the  DDM  deviations  go  positive 
beyond  about  3000  feet.  The  SR  system  is  out  of  tolerance  only  for  tilt  angles 
greater  than  about  3°  at  point  C and  closer.  The  CE  system  is  out  of  tolerance 
at  threshold  only  for  tilt  angle  greater  than  about  6°.  It  is  of  interest 
to  note  that,  for  the  SR  and  CE  systems,  adjustment  of  the  strips  to  s width 
between  150  and  200  feet  would  yield  less  derogation  beyond  point  B (zone  2). 
Adjustment  of  antenna  focus  could  improve  and  bring  DEM  for  all  tilt  angles 
to  within  Category  I and  II  tolerance. 

VI.  TRUNCATED  LATERAL  GROUND 

A series  of  computer  runs  were  made  to  investigate  the  diffraction  effects 
of  the  single  lateral  edge  formed  by  the  truncation  of  the  infinite  plane  parallel 
to  the  runway  on  the  antenna  side  as  indicated  in  Figure  1-24.  Figures  1-24  and 
1-25  show  the  results  for  the  NR  system.  The  largest  DDM  deviation  occurs  when 
the  edge  is  under  the  antenna  since  the  edge  currents  induced  by  the  antenna 
are  largest  for  this  condition.  Deviations  decrease  as  the  edge  is  moved  away 
from  the  antenna  and,  with  200  feet  separation  as  shewn  in  Figure  1-25,  small 
oscillations  occur  about  the  standard  (infinite  plane)  structure.  Fastest  os- 
cillations occur  for  the  200  foot  separation  and  for  aircraft  short  ground  range 
from  threshold  because  the  rate  of  change  of  phase  difference  between  the  direct 
and  image  rays  aid  the  diffracted  ray  from  the  edge  is  the  highest  for  these  con- 
ditions. Similar  but  larger  deviations  occur  for  the  CR  and  CE  systems  as  hown 
by  Figures  1-26  and  1-27-  The  largest  deviations  occur  for  the  SR  due  to  its 
highest  ground  current  in  the  near  antenna  region.  CE  ground  currents  are  next 
with  SR  lowest  as  shown  ty  Figure  5 of  Appendix  I-A. 

The  NR  system  is  within  Category  I and  II  tolerance  even  with  the  edge 
under  the  antenna.  For  the  SR  system  the  edge  must  be  about  15  feet  or  greater 
from  the  antenna  to  be  within  tolerance.  The  CE  system  requires  about  10  feet 
or  more  to  be  within  tolerance. 
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VII.  MODIFIED  FOCUS.  HEIGHT  AND  AZIMUTH  APPROACH  ANGLE 

Figure  1-28,  Run  1,  shows  that  modified  focusing  of  the  NR  array  over 
a large  flat  plane  can  result  in  small  DDM  deviations  from  zero  on  the  flight 
path  . This  is  achieved  by  displacing  the  upper  antenna  element  1.5  feet  further 
from  the  runway  than  the  lower  element  in  lieu  of  1.13  feet  closer  as  with 
standard  focus.  Displacement  greater  than  1.5  feet  will  decrease  the  fly-up 
DDM  (negative  sign)  but  will  increase  the  fly-down  in  the  near  threshold 
region.  Runs  1A  and  IB  show  the  sensitivity  of  the  modified  focus  to  azimuth 
approach  angles  of  +8  . Runs  OA  and  OB  give  the  azimuth  sensitivity  of  the 
standard  focus  case.  All  azimuth  runs  result  in  fly-up  signal  because  large 
lateral  displacements  in  either  direction  from  the  flight  path  take  the  re- 
ceiving antenna  under  the  radiation  null  of  the  top  antenna  element.  Displace- 
ment of  the  transmitting  antenna  from  runway  center  causes  the  azimuth  asyn- 
metry. 

Figure  1-29  shows  modified  focus  runs  for  the  NR  array  over  sloping 
lateral  ground.  Orly  one  large  tilted  strip  was  considered  ip  the  modified 
focus  runs  because  the  trial  and  error  nature  of  finding  optimum  focus  becomes 
too  computer-time  consuming  when  two  tilted  strips  are  involved.  A narrow 
tilted  strip  yields  oscillations  about  the  large  strip  and  two  narrow  con- 
tiguous strips  of  different  tilt  give  results  not  much  different  from  one 
strip  of  the  same  total  width.  Run  4 shows  that  modified  focus  yields  a 
threshold  region  structure  with  less  deviation  from  the  standard  (Run  0) 
than  Run  1 with  standard  focus;  however,  both  Runs  1 and  4 meet  Category 
I and  II  tolerance.  A top  element  relative  displacement  greater  than  1.9 
feet  would  bring  most  of  the  threshold  region  CDM  closer  to  zero.  Runs  4A 
and  4B  give  azimuth  sensitivity  for  the  modified  focus  case.  Here  DM  polarity 
chances  with  azimuth  angle  polarity  due  to  the  diffraction  by  the  edge  at  YSE. 

Figure  1-30  shows  some  SR  array  modified  focus  effects  over  flat  ground 
-and  sloping  lateral  ground.  Run  1 is  over  a flarge  flat  ground  plane  and  with 
this  adjustment  of  the  top  ele/nent  (almost  in  vertical  line  with  lower  element) 
the  flight  path  LDM  deviation  from  zero  is  not  more  than  about  lua  over  the 
entire  path  into  threshold.  The  derogation  from  zero  here  is  less  than  that  of 
Rui  1 for  the  NR  system  (Figure  1-28)  but  more  than  that  for  the  CE  system 
(Reference  15*  Figure  8).  Runs  3*2,4,  and  5 of  Figure  1-30  are  for  sloping 

* It  is  shown  in  Reference  15  that  modified  focusing  of  the  CE  array  can 

produce  essentially  zero  DDM  over  the  entire  flight  path  into  the  threshold. 
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lateral  ground  and  for  increasing  displacement  of  the  top  element  away  from 
the  runway.  All  runs  are  within  Category  I and  II  tolerence.  Figure  1-31 
shows  glide  p-tr.  structures  for  +8°  azimuth  approach  angle  for  Runs  1 and  U 
of  Figure  1-31. 

Figure  1-32  shows  results  of  computed  fly-ins  using  modified  focus 
CE  Array  with  sloping  lateral  ground.  The  DDM  structure  for  a standard  focused 
irr'o  is  given  approximately  by  Run  3 of  Figure  I-l6.  The  latter  run  indicates 
fly-uf.  signal  relative  to  the  standard  reference  over  the  entire  path  but  is  within 
Category  I and  II  tolerance.  Modification  of  the  focus  can,  however,  reduce  the 
deviation  from  the  standard  as  shown  for  example  by  Run  2 of  Figure  1-32  in 
which  the  third  element  is  0.1  feet  (l.89  feet  standard)  closer  to  the  rur.way 
than  the  second  element.  Runs  ],3,  and  4 are  for  other  focus  adjustments. 

Rur.  1 is  about  the  best  adjustment  if  zero  DDM  is  considered  to  be  the  ideal 
or  reference  structure  Figure  1-33  shows  how  the  structure  of  Run  1 varies 
'with  azimuth  approach  angle  at  +8°. 
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VIII.  Conclusion 
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The  half-plane  diffraction  analysis  reported  in  Reference  15  has  been 
extended  and  generalized  to  permit  the  calculation  of  fields  of  dipoles  of 
any  orientation  over  lateral  or  transverse  conducting  half-planes  and  over 
multiple  contiguous  strips  of  arbitrary  tilt  angle.  Fields  diffracted  from 
strips  were  obtained  as  the  difference  between  fields  of  half-planes  of 
length  difference  equal  to  stripwidth.  Computer  programs  were  modified  and 
extended  tc  incorporate  the  field  equations  resulting  from  the  above  analysis 
to  enable  DDM  calculations  over  terrain  types  synthesizable  from  half-planes 
and  strips. 

Glide  path  DDM  calculations  over  typical  terrain  types  for  the  three 
image  type  glide  slope  systems  have  been  computed.  Foreground  tilted  +0.6° 
at  the  antenn  > causes  out  of  otolerance  DDM  with  standard  antenna  heights; 
however,  performance  can  be  brought  within  tolerance  by  height  adjustment. 
Foreground  tilted  +0.86°  at  threshold  gives  within -tolerance  performance  with 
standard  antenna  height  but  can  be  improved  with  modified  height.  Foreground 

7 

with  ieps  between  10  feet  and  10  feet  at  1000  feet  from  the  antenna  gives 
performance  within  tolerance  for  all  systems.  With  steps  at  500  feet,  however, 
the  Capture  Effect  system  goes  out  of  tolerance  for  all  steps.  Hie  other 
systems  are  in  tolerance  for  some  cases.  Some  cases  could  be  brought  into 
tolerance  by  height  adjustment.  For  the  sloping  and  rising  lateral  ground  it 
was  found  that  all  antennas  must  be  positioned  at  standard,  or  near  standard 
height  above  the  tilted  plane,  rather  than  above  the  runway  plane,  to  give 
within  tolerance  DDM.  For  antennas  at  standard  height  over  the  sloping  section 
of  a lateral  trough  the  tilt  angle  must  be  less  than  about  3°  for  the  null 
reference,  3.4°  for  sideband  reference  and  6°  for  capture  effect.  For  antennas 
positioned  over  the  center  of  the  lateral  trough  the  tilt  angle  requirement 
is  about  the  same  as  above  but  fly-down  signals  are  obtained  over  much  of  the 
path.  Modified  focus  and  height  could  improveJand  bring  performance  with  larger 
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tilt  angles  to  within  tolerance.  For  terrain  having  effectively  a single 
lateral  edge  the  null  reference  antenra  can  be  on  the  edge,  but  the  sideband 
reference  must  be  at  least  15  feet  from  the  edge  while  the  capture  effect 
must  be  at  least  10  feet  from  the  edge. 

Effects  of  modified  focus  of  null  reference  and  sideband  reference 
over  a flat  plane  were  investigated.  It  was  found  that  the  upper  antenna 
element  position  can  be  adjusted  to  give  small  deviations  from  zero  DDM 
in  the  glide  path  threshold  approach  region.  Modified  focus  runs  of  all 
systems  over  sloping  (0.86  ) lateral  ground  were  found  to  be  within  Category 


I and  II  tolerance. 


APPENDIX  I-A 


TERRAIN  MODELING  USING 
THE  HAIR-PI  AN  F,  GEOMETRY 


"ode ling  of  general  terrain  features  with  the  half -plane  geometry 
is  poeslble  when  the  terrain  In  question  can  be  approximated  by  seal- Inf lnlte 
planes  or  strips.  The  observed  radiation  depends  on  a geometric  and  diffracted 
tern.  Analytic  expressions  for  the  radiation  have  been  obtained  by  Senior** 
for  a vertical  dipole  perpendicular  to  the  half -plane  and  Woods ^ for  a 
horizontal  dipole  perpendicular  to  the  half -plane  edge.  Broawich^  presents 
results  for  a horizontal  dipole  parallel  to  the  half-plane  edge  which  when 
calculated  In  the  aanner  outlined  by  Senior  yield  solutions  Including  second 
order  contributions  In  distance. 

In  general  It  la  convenient  to  divide  the  total  field  into  a direct 
and  reflected  tern  where  the  reflected  tern  Includes  the  contributions  from 
the  inage  and  diffraction,  thus 

t - bd  ♦ tR  . (1) 

The  advantage  of  this  formulation  lies  In  the  fact  that  the  direct  field 
le  only  counted  once  and  It  is  necessary  to  nodlfy  the  solutions  of  Senior, 

Woods,  and  Broawlch  to  take  this  into  consideration  when  sunning  contributions 
from  wore  than  one  strip. 

The  reflected  fields  define  a set  of  nine  solutions  (for  a unit  dipole), 

P 

Si/VW*0»x*y**>  *****  * denotes  the  field  conponent  (1  ■ X,Y,Z),  j 

denotes  the  axis  along  which  the  dipole  is  parallel  (j  - X,Y,Z),  x#  corresponds 

to  the  position  of  the  edge  which  is  always  taken  perpendicular  to  the  X-axis 

and  In  the  XY-plane,  Xq,Xq,  and  sQ  denote  the  poeltlon  of  the  dipole  and  x,y,  and 

t denote  the  observation  point.  Locating  a set  of  axes  (Xq,Yq,Z0)  at  the 

dipole  such  that  they  are  parallel  to  X,Y,  and  Z,  respectively.  It  is  possible 

to  define  components  dr  , dv  , and  d„  for  arbitrary  orientations  of  the 

A0  T0 

dipole.  The  resulting  fields  satisfy i 
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vhere  dk  - d ^ such  that  ^ aj|  • 1 and  d la  tha  complex  amplitude  and  phase 
of  ths  dipole. 

vOT  the  situation  of  an  arbitrarily  oriented  dipole  and  half -plane 
it  is  always  possible  to  transform  the  apace  system  to  axes  X,  T,  and  Z 

D 

auch  that  the  solutions  can  be  calculated  in  tens  of  the  expressions 

developed  by  Senior,  Woods,  and  Broewich.  The  simplest  such  transformation 
is  a translation,  T(x*  from  the  space  systea  to  a set  of  axes 

fixed  in  the  half -plane  followed  by  a rotation,  A(<x,(?,V'),  which  takes 
the  intermediate  axes  Into  the  XYZ  - systea  such  that  the  half-plane 
lies  in  the  XT  - plane  with  the  half -plane  edge  perpendicular  to  the 
X-axis.  The  Ruler  anrles  specifying  the  rotation,  (<x  , ),  are  defined 

Q 

in  the  convention  of  Goldstein  , for  example,  with  the  rotation  operator 
similarly  defined.  The  situation  is  depicted  in  Figure  2. 

In  terms  of  the  above  operation,  a vector  r transforms  according 
to 

"*( x.y.n ) -A(«,f?,y')  T(x',y,**)  r(xa*y9**n)  . O) 

following  calculation  of  the  reflected  fields  In  the  XTZ  - systea  the 
original  fields  in  the  space  system  can  be  recovered  udng  the  inverse 
transformation 

®^xs*ys**8^  • T’l(x*»y  ,*')  A-*(  <*./?. VO  BR(x,y,s)  . (*) 


-14- 


So  far  tha  discussion  has  bssn  confined  to  half -pianos , however,  it  is 
possible  to  extend  the  procedure  to  soil -infinite  strips  by  slaply  combining 
two  half-plane  solutions  using  the  principal  of  superposition.  Although 
this  solution  technique  is  approximate  in  that  the  ground  currents  are  assumed 
frozen,  a consequence  of  the  dual  integral  formulation  of  the  half -plane 
solutions10,  it  is  a good  approximation  when  the  strips  are  of  finite  slse 
exceeding  a few  wavelengths  in  width11. 


The  reflected  field  component  £xx  is  defined  by 
£jx  - -ik//rrg  H^diRj)  sln(e/2)  sin(%/2) 

- *1  [>,,<*>  - 4>s<->D  <5) 

♦ f(Stx,XQ)  , 


where 


and 


4>g(i)  " ±Lfis  «{2)(kS  coshjt)  dp 
4>R(t)  - Hj2\m  coshjj  d^ 

«,„.v  ifc  • 


(o  < © 4-u-e^) 


(6a) 

(6b) 

(6c) 


L o ( ©>•"-%) 

(?)  (?) 

la  the  above  expressions  k is  the  wavenumber,  ' and  Hq  are  Hankel 

functions  of  the  second  kind,  the  plus  and  minus  signs  are  determined  by 


f.  G>ir*0o  (t-ie/vu) 

with  0 and  G0  defined  by  (x  - x#)  - r cos©  , s » r sin©  , (xq  - xe)  - rQ  oos  0O, 
and  Sq  - rQ  sin©0  (see  Figure  3).  The  remaining  quantities  are  defined 
as  followst 
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r - ((x  - Xq)?  * (y  - r0)?  ♦ («  - *0)2)* 

s - ((>  - xj2  ♦ (y  . y0)2  ♦ (.  ♦ .0)2)4  (7b) 

r - ((x  - x0)2  ♦ «2)*  <7c> 

r0  • «*o  ' X«)Z  * -5)*  (7d) 

Rj  - ((r  ♦ r0)2  ♦ (y  - yQ)2)*  (?•) 


where  the  edge  dependence,  x0,  le  In  r,  r0,  and  Rj  and  the  Units  fa  and 


^R 


slnh~l  L2^^"  coa$(Q~Qo\ 
alnh”1  cos^(9-*-e0) 


(8a) 

(8b) 


Expanding  the  Hankel  functions  asynptotlcally,  using  the  substitution 
T «j2ku  sinh^j*  (where  u • R or  S),  and  evaluating  the  non-exponent lal  terns 
in  the  Integrals  about  the  lower  Units  (as  outlined  by  Senior)  one  obtains 
an  expression  for  Equation  (5)  In  terns  of  Fresnel  Integrals  of  the  following 
form 

- »Rl  «m*e0 

- k^sgn(TR)  GR(\TRU  - agn(Ts)  Cfe(\Ygl)]  (9) 

+ i/k[sgn(fR)  Hr( \tr\  tx,Xg)  - sgn(Tg)  ^(^  »x,xQ)] 

♦ f (S ix,Xq)  , 


where 


1 2k  ' -KkRjtfrA) 

wRj  " <1  ttRjITq 

(10a) 

- /f.W47^~r 

(10b) 

t^Orj  i«.«0)  - ^ GudrJ  ) 

(tOe) 

Tn  these  expressions  u - Ror  S arJ 

“•*B-e0> 

(1U) 

(lib) 
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(12) 


with  the  coeplex  Fresnel  Integral  satisfying 

1 - r*/1’* <r  • 

Unlike  San  lor  and  Woods  it  was  necessary  to  rata  in  tha  Inage 
contribution  separately  sines  the  prsaanea  of  tha  edge  position  prevents 
a straightforward  expansion  of  tha  oonbinsd  iaaga  and  diffracted  tern. 
Tha  reaalaing  reflected  field  eonponanta  are  given  as  follows i 

(5jjy  ■ lA  ^ ■g*>(Tjj)  ltRl  |X»Iq)  * *gl>(^g)  Hg(^Tgl  ix.r0)l 

♦ f(S|X,y0) 

<5*Z  “ ' \ 8in*e  co*^ee 

♦ lA  [ *gn(TR)  HR(\rRt  »x.s0)  - 8gn(rs)  Hg(\rsi  IX,S0)] 

♦ f(S|x,*0) 

- lA  [ •gn('V  HgC^-rJiy.Xo)  - egn(rg)  Hg(  l rg\  ty.x0)] 

♦ ffSjy.Xg) 

6jy  * - k t gr<  ^ > * •«n<TS)  S<  lrJ  >1 

♦ lA[  »«n(TR)  Hr(  \ rRV  iy,y0)  - sgn(rg)  Hg(\rg\  »y,y0)] 


(13) 


(14) 

(15) 


♦ f(S»y,y0)  (16) 

£^2  * *A  [ »«n(TR)  HR(lTRUy,a0)  - sgn(^rg)  Hg(|rg|  ,y.s0)] 

♦ f(Siy,s0)  (1?) 

E\x  - ’%  eo«iesiniet 

♦ lA  [ •«"CrR)  W*  ***0>  * *H5n(<Xg)  Hg(lrgl  is.Xq)! 

♦ fCSis.Xg)  (18) 

c5jy  ■ lA  (.  •«"(3'r)  hr('V,s*V  - egn('Tg)  Hg(\^l  »*,y0)] 

♦ f(S»t#y0)  (19) 

E\z  * »Rl  cosi0co.iec 

- k [ egn(yR)  CR(  |rR| ) ♦ sgn(Tg)  <^(lrgl  )] 

♦ lA[  *«n(TR)  HR(\TRl  »s,s0)  - sgn(Tg)  Hg(Wg\  »s.*0)] 

♦ g(Sia,s0)  . (20) 
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In  the  above  equations  when  0<-6<e-©0 


f(Sys,nQ)  • 


^0 

[ 7^  •-*A»  • 


(>  ■ x or  7 and  a-.  - 
*n  0T  Jo*  *s«P*otively) 

0 ° (21a) 

(a,aQ  denote  different  axes) 


also 

g(S|i,*0)  ♦ k2j  e"lksA3  . (21b) 

For  all  othsr  values  of  6 , f and  g vanish. 

The  direct  radiation  is  independent  of  the  ground  plane  geoeatry  except 
for  the  shadow  region  defined  by  this  geoeatry.  Consequently,  since 


e-lkR^p  is  invariant  under  rotations  one  can  define  the  direct  fields  in 
teres  of  any  ays  ten  subject  to  the  require  sent  that  the  fields  vanish  in  the 
shadow  region.  For  aost  purposes  it  will  be  convenient  to  express  the  direct 
radiation  in  the  space  systea.  Thus,  one  obtains 


K\ 
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SLy.  C 
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Cz8x„  t'Z.Y. 
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xs0 


SO 


(22) 


where  dv  , d_  , and  d_  are  the  dipole  coaponents  with  respect  to  a set 
sO  Ts0  zs0 

of  axes  fixed  at  the  dipole  and  parallel  to  the  space  axes.  In  the  illua lasted 
region  the  direct  component  fields  axe  defined  by 


When  - Xa,  Y#,  or  Zg  one  has  a8  • x§,y8,  or  e8,  respectively,  and  when 
M;  - Xg,  Y#,  or  Zg  one  has  a*0  - xg0,  ygQ,  or  *sQ,  respectively.  In  the 
space  systea  (X8»T8»*8)  dbfines  the  observer  position  while  (x-o*F#o**so) 
represents  the  dipole  coordinates  analogous  to  the  XYZ  systea. 
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The  geoaetry  for  a half -piano  over  an  Infinite  plana  la  Illustrated 

la  Figure  4.  It  is  isportaat  to  recognise  that  the  reflected  diffraction 
eoupoaent  of  the  fields  aakes  a substantial  contribution | consequently,  this 
ten  is  included.  The  problea  is  to  detenine  the  fields  in  the 
four  principal  regions  of  practical  interest  depicted.  Since  aircraft  antenna 
are  sensitive  only  to  the  horlsontally  polarised  radiation  (Y -component) 
it  will  be  convenient  to  consider  this  component . In  region  I the  field 
eonslsts  of  a reflected  (from  the  half-plane)  and  a direct  term 

- bE  4 eE  . (24) 

*s  xs  *s 

The  direct  radiation  Is  given  by  Equations  (22)  and  (23) . The  reflected 

R R 

radiation  la  sluply  Ey  - d £yy  where  d is  the  dipole  amplitude  and  phase. 

In  region  II  the  fields  satisfy 


By11^  • Ey  4 eE  - sE’  , 

xs  *s  xo  *• 


(25) 


where  the  reflected  diffraction  tern  Is  given  by 

sj’  - -d  k ( sgn(rRt)  GRf(|  rR,|  ) - sgn^,)  Gg,(  hr  J )]  (26) 

8 

♦ d/k  (_sgnCrR.)  HR,(lTR,|  »*•*<>)  " ®«n(Ts.)  Hg.O'V'g.l  ITiyoO  • 
The  prises  refer  to  the  indicated  distances  and  angles  depicted  in  Figure  4 


where 

R*  - ((x  - Xq)2  ♦ (y  - y0)2  4 (s  4 2h  + sQ)2)*  (27a) 

s*  - ((x  - Xq)2  + (y  - y0)2  + (*  ♦ 2h  - s0)2)*  (27b) 

r*  - ((x  - x#)2  + (s  4 2h)2)*  (27c) 

*6  * r0  (27d) 

* { “ ((r*  4 r^)2  4 (y  - yQ)2)*  (27e) 


with  h being  the  height  of  the  half-plane  above  the  infinite  plane.  In  region 

III  the  fields  are  the  ease  as  in  region  II  except  the  half -plane's  image  tern 

vanishes  ( ©>c-e,).  Finally,  in  region  IV  the  fields  are  the  sane  as  in  region  III 
except  they  Include  the  reflected  direct  tern  (from  the  Infinite  plane). 

4IV)  * <4m)  + d f<R,«3r»y0)  • (28) 

8 8 
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where  f(R'»y,y0)  1*  defined  Is  Equations  (21a)  with  3 - R* . 

TO  aoo  tha  applicability  of  tho  general  presentation  consider  the  situation 
of  figure  la.  Contributions  to  the  reflected  field  cons  froa  the  half-plane 
with  edge  at  x#  ■ 0 and  a strip  rotated  according  to  A(-£  • t|  ,&)  with  edges 

n 

at  0 and  x* . The  solutions  only  involve  the  £yy  component  fields.  The 
situation  of  figure  lb  is  simply  treated  as  previously  discussed  in  the  half- 
plane ever  the  infinite  plane  case.  In  figure  Id  a lateral  edge  is  illustrated 
with  edge  at  yM  - -y* . One  slnply  rotates  the  space  system  through  the 
transformation  A(-'5#0,0)  with  only  the  £yx  conponent  fields  entering  the 
calculation,  figure  lc  corresponds  to  a rotated  half -plane,  A(-j,0,0)  representing 
the  transformation  needed,  with  edge  at  yM  - -y* . In  addition  a tilted 

; ■ 

strip  contributes  where  the  required  transformation  for  modeling  the  strip 
is  a(-tt ,- *"5)  T(0,-y*,0).  In  general  sines  only  the  I8  component  of  the 
total  fields  Is  needed  for  modeling  aircraft  antennas  the  £zz,  E^z, 

a 

and  (5Zx  component  fields  will  be  required  fer  this  ease.  In  all  oases 
the  antenna  dipoles  are  parallel  to  the  Ys  - axis. 

B I 

i 
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feet  from  Threshold 


TABLE  1-1 


LIST  OF  COMPUTED  GLIDE  PATH  PPM  STRUCTURE  RUNS 
Total  Number  of  Runs  = 187 

A.  TERRAIN:  SLOPING  AND  RISING  FOREGROUND  - 59  RUNS 

Antenna  Figure  Run  Description 

NULL  REFERENCE,  1-1  0 standard  reference  (large  flat  plane,  focused) 

standard  height 
and  focus 

1 left  ft.  strip  rising  at  0.6°  starting  at  antenna 

2 1200  ft.  strip  rising  at  0.6°  starting  at  antenna 

3 500  ft.  strip  rising  at  0.6°  starting  at  antenna 

4 10^  ft.  strip  sloping  at  0.6°  starting  at  antenna 

5 1200  ft.  strip  sloping  at  0.6°  starting  at  antenna 

6 500  ft.  strip  sloping  at  0.6°  starting  at  aitenna 

SIDEBAND  REFERENCE,  1-2  0 standard  reference  (large  flat  plane,  focused) 

standard  height  and 

focus 

1 10^  ft.  strip  rising  at  0.6°  starting  at  antenna 

2 1200  ft.  strip  rising  at  0.6°  starting  at  antenna 

3 500  ft.  strip  rising  at  0.6°  starting  at  antenna 

4 10^  ft.  strip  sloping  at  0.6°  starting  at  antenna 

5 1200  ft.  strip  sloping  at  C. 6°  starting  at  antenna 

6 500  ft.  strip  sloping  at  0.6°  starting  at  antenna 

1-3  0 standard  reference  (large  flat  plane,  focused) 

1 10^  ft.  strip  rising  at  0.6°  starting  at  antenna 

2 1200  ft  strip  rising  at  0.6°  starting  at  antenna 

3 500  ft.  strip  rising  at  0.6°  starting  at  antenna 

4 10^  ft.  strip  sloping  at  0.(?  starting  at  antenna 

1200  ft.  strip  sloping  at  0.6°  starting  at  antenna 
500  ft.  strip  sloping  at  0.6°  starting  at  antenna 


CAPTURE  EFFECT, 
standard  height 
and  focus 


5 

6 
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Antenna 


Figure  Run 


Nil  LI  REFERENCE,  1-4  0 

standard  height  and 
ar.d  focus 

1 

2 

3 

4 

5 

6 

SIDEBAND  REFERENCE,  1-5  0 

standard  height 
and  focus 

1 

2 

3 

4 

5 

6 

CAPfURE  EFFECT,  1-6  0 

standard  height 
and  focus 

1 

2 

3 

4 

5 

6 


10 ^ ft.  strip  rising  at  0.86°  starting  at  threshold 
1000  ft.  strip  rising  at  0. 86°  starting  at  threshold 
500  ft.  strip  rising  at  0.86°  starting  at  threshold 
10^  ft.  strip  sloping  at  0.86°  starting  at  threshold 
1000  ft.  strip  sloping  at  0.86°  starting  at  threshold 
500  ft.  strip  sloping  at  0.86°  starting  at  threshold 

i 

standard  reference 

10^  ft.  strip  rising  at  0.86°  starting  at  threshold 
1000  ft.  strip  rising  at  0.86°  starting  at  threshold 
500  ft.  strip  rising  at  0.86°  starting  at  threshold 
10 ^ ft.  strip  sloping  at  0.86°  starting  at  threshold 
1000  ft.  strip  sloping  at  0.86°  starting  at  threshold 
500  ft.  strip  sloping  at  0.86°  starting  at  threshold 
standard  reference 

10^  ft.  strip  rising  at  0.86°  starting  at  threshold. 
1000  ft.  strip  rising  at  0.86°  starting  at  threshold 
500  ft.  strip  risirg  at  C.86°  starting  at  threshold 
10^  ft.  strip  sloping  at  0.86°  starting  at  threshold 
1000  ft.  strip  sloping  at  0.86°  starting  at  threshold 
500  ft.  strip  sloping  at  0.86°  starting  at  threshold 
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Antenna 

CAPTURE  EFFECT, 
standard  height 
and  focus 


Figure 

Run 

Description 

1-7 

0 

standard  reference 

f ” 


1 10^  ft.  strip  rising  at  1.72°  starting  at  threshold 

2 1000  ft.  strip  rising  at  1.72°  starting  at  threshold 

3 500  ft.  strip  rising  at  1.72°  starting  at  threshold 

4 106  ft.  strip  sloping  at  1.72  ° starting  at  threshold 

5 1000  ft.  strip  sloping  at  1.72°  starting  at  threshold 

6 500  ft.  strip  sloping  at  1.72  starting  at  threshold 


D.  TERRAIN:  STM’  DOWN  IN  ANT INK A FOREGROUND  - 36  RUNS 


Antenna  Figure  Run 

NULL  REFER1NCE,  1-8  SR 

standard  height 
arid  focus 

10 

20 

30 

50 

io' 

SILJEAND  REFIRENCE,  1-9  SR 

standard  height 
and  focus 

10 

20 


30 

50 


Description 
standard  reference 

10  ft.  step  at  100C  ft.  from  antenna 

20  ft.  step  at  1000  ft.  from  antenna 

30  ft.  step  at  1000  ft.  from  anter.na 

50  ft.  step  at  1000  ft.  from  antenna 

107  ft.  step  at  1000  ft.  from  antenna 
standard  reference 

10  ft.  step  at  1000  ft.  from  antenna 

20  ft.  step  at  10C0  ft.  from  antenna 

30  ft.  step  at  1000  ft.  from  antenna 

50  ft.  step  at  1000  ft.  from  antenna 

107  ft.  step  at  1000  ft.  from  antenna 
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Antennr 


Figure  Rur. 

CAPTUR1  EFFECT,  I-lO  SP. 

standard  height 
and  focus 

10 

20 

30 

50 

10' 

NULL  REFERENCE,  1-11  SR 

standard  height 
and  focus 

10 

20 

30 

50 

10' 

SI  DIB  AND  REFERENCE,  1-12  SR 

standard  height 
aric’  focus 


Description 
standard  reference 

10  ft.  step  at  DOO  ft.  from  antenna 
20  ft.  step  at  1000  ft.  from  antenna 
30  ft.  step  at  1000  ft.  from  antenna 
50  ft.  step  at  1000  ft.  from  antenna 

7 

10  ft.  step  at  1000  ft.  from  antenna 
standard  reference 

10  ft.  step  at  500  ft.  from  antenna 

20  ft.  step  at  500  ft.  from  antenna 

30  ft.  step  at  500  ft.. from  antenna 

50  ft.  step  at  500  ft.  from  antenna 
7 

10  ft.  step  at  500  ft.  from  antenna 
standard  reference 


CAPTURE  EFFECT,  1-13 

standard  height 
and  focus 


10 

10  ft. 

step  at 

500  ft. 

from 

antenna 

20 

20  ft. 

step  at 

500  ft. 

from 

antenna 

30 

30  ft. 

step  at 

500  ft. 

from 

antenna 

50 

50  ft. 

step  at. 

500  ft. 

fror.i 

antenna 

10? 

107  ft. 

step  at 

500  ft. 

. from  antenna 

SR 

standard  reference 

10 

10  ft. 

step  at 

50C  ft. 

from 

antenna 

20 

20  ft. 

step  at 

500  ft. 

from 

antenna 

30 

30  ft. 

step  at 

500  ft. 

from 

antenna 

50 

50  ft  . 

step  at 

500  ft. 

from 

antenna 

n 

10' 

107  ft. 

step  at 

. 500  ft. 

from  antenna 
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C.  TERRAIN:  SLOPING  AND  RISING  FOREGROUND  - 48  RUNS 


Antenna 


:r:LL  reference, 

standard  focus. 
Standard  height 
above  tilted  plane. 


Figure  Run 
1-14  0 


SIDEBAND  REFERENCE,  1-15 
standard  focus. 

Standard  height 
above  tilted  plane 


CAPTURE  EFFECT, 
standard  focus. 
Standard  height 
above  tilted  plane 


1-16 


1 

2 


3 

4 
0 


1 

2 


3 

4 
0 


1 

2 


3 

4 


Description 
standard  reference 


200  ft.  0.86°  sloping  strip 


200  ft.  0. 86°  sloping  strip  plus  200  ft. 


horizontal  strip 


200  ft.  0.86°  sloping  strip  plus  10^  ft. 


horizontal  strip 


200  £t.  0.86  sloping  strip  plus  200  ft. 
0.86°  rising  strip 


standard  reference 


200  ft.  0.86°  sloping  strip 


200  ft.  0.86°  sloping  strip  plus  200  ft. 


horizontal  strip 


200  ft.  0.86°  sloping  strip  plus  10^  ft. 


horizontal  strip 


200  ft.  0.86°  sloping  strip  plus  200  ft. 


0.86  rising  strip 
standard  reference 


200  ft.  0.86°  sloping  strip 


200  ft.  0.86°  sloping  strip  plus  200  ft. 


horizontal  strip 


200  ft.  0.86°  sloping  strip  plus  10  ft. 
horizontal  strip 


200  ft.  0.86°  sloping  strip  plus  200  ft. 


0.86°  rising  strip. 


Antenna 

Figure 

Run 

Description 

CAPTURE  EFFECT, 

1-17 

0 

150  ft.  lateral 

edge  plus  200  ft.  strip  at 

0°  slope 

standard  focus. 
Standard  height 
above  tilted  plane 

0.86 

150  ft.  lateral 

edge  plus  200  ft.  strip  at 

0.86°  slope 

1.72 

150  ft.  lateral 

edge  plus  200  ft.  strip  at 

1.72°  slope 

NULL  REFERENCE,  1-18  0 standard  reference 

standard  focus. 

Standard  height 
above  tilted 
plane 

0.86  Lateral  trough,  200  ft.  sides  at  0.86°  angle 

1.72  Lateral  trough,  200  ft.  sides  at  1.7 2°  angle 

3.44  Lateral  trough,  200  ft.  sides  at  3-44°  angle 

6.88  Lateral  trough,  200  ft.  sides  at  6.88°  angle 

SIDEFAND  REFERENCE,  1-19  0 standard  reference 

standard  focus. 

Standard  height 
above  tilted 
plane 

0.86  lateral  trough,  200  ft.  sides  at  0.86°  angle 

1.72  lateral  trough,  200  ft.  sides  at  1.72°  angle 

3.44  lateral  trough,  200  ft.  sides  at  3-44°  angle 

6.88  lateral  trough,  200  ft.  sides  at  6.88c  angle 

CAPTURE  EFFECT,  1-20  0 standard  reference 

standard  focus. 

Standard  height 
above  tilted  plane 

0.86  lateral  trough,  200  ft.  sides  at  0.86°  angle 

1.72  lateral  trough,  200  ft.  sides  at  1.72°  angle 

3.44  lateral  trough,  200  ft.  sides  at  3*44°  angle 

6.88  lateral  trough,  200  ft.  sides  at  6.88°  angle 


A 


Antenna 


Figure  Run 


NULL  REFERENCE, 
Standard  focus. 
Standard  height 
above  tilted  plane 


1-21 


SIDEBAND  REFERENCE,  1-22 
standard  focus. 

Standard  height 
above  tilted  plane 


CAPTURE  EFFECT, 
standard  focus. 
Standard  height 
above  tilted  plane 


1-23 


Description 
0 standard  reference 

0.86  latertl  trough,  150  ft.  sides,  at  0.86°  angle 
1.72  lateral  trough,  150  ft.  sides,  at  1.72°  angle 
3.44  lateral  trough,  150  ft.  sides,  at  3*44°  angle 
6.88  lateral  trough,  150  ft.  sides,  at  6.8 8°  angle 
0 standard  reference 

0.86  lateral  trough,  150  ft.  sides,  at  0.86°  angle 
1.72  lateral  trough,  150  ft.  sides,  at  1.72°  angle 
3.44  lateral  trough,  150  ft.  sides,  at  3. 44°  angle 
6.88  lateral  trough,  150  ft.  sides,  at  6.88°  angle 
0 standard  reference 


0.86  lateral  trough,  150  ft.  sides,  at  0.86°  angle 


1.72  lateral  trough,  150  ft.  sides,  at  1*72°  angle 

3-44  lateral  trough,  150  ft.  sides,  at  3*44°  angle 

6.88  lateral  trough,  150  ft.  sides,  at  6.88°  angle 

D.  TERRAIN:  LATERAL  EDGE  - 21  RUNS 

Description 


Antenna 

Figure 

Run 

NULL  REFERENCE, 

1-24 

0 

lateral  edge 

standard  height 
*nd  focus 

K 

s 

lateral  edge 

10 

lateral  edge 

20 

lateral  edge 

30 

lateral  edge 

40 

lateral  edge 

f 
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Antenna  Figure  Run  Description 

NULL  REFERENCE,  1-25  50  lateral  edge  50  ft.  from  antenna 

standard  height 
and  focus 

100  lateral  edge  100  ft.  from  antenna 

200  lateral  edge  200  ft.  from  antenna 

SIDEBAND  REFERENCE,  1-26  0 lateral  edge  0 ft.  from  antenna 

standard  height 
and  focus 

5 lateral  edge  5 ft.  from  antenna 

10  lateral  edge  10  ft.  from  antenna 

20  lateral  edge  20  ft.  from  antenna 

30  lateral  edge  30  ft.  from  antenna 

40  lateral  edge  40  ft.  from  antenna 

CAPTURE  EFFECT,  1-27  0 lateral  edge  0 ft.  from  antenna 

standard  height 
and  focus 

5 lateral  edge  5 ft.  from  antenna 

10  lateral  edge  10  ft.  from  antenna 

20  lateral  edge  20  ft.  from  antenna 

30  lateral  edge  30  ft.  from  antenna 

40  lateral  edge  40  ft.  from  antenna 

E.  TERRAIN:  flat  AND  SLOPING  LATERAL  (SOUND  - 33  HUNS 
Antenna  Figure  Run  Description 

NULL  REFERENCE,  1-28  0 standard  reference.  Infinite  plane,  standard  height 

standard  and  and  focus.  0°  azimuth  ' 

modified  focus 

OA.  standard  reference.  Infinite  plane,  standard  height 
and  focus.  -8°  azimuth. 


OB  standard  reference.  Infinite  plane,  standard  height 
and  focus.  8°  azimuth. 


1 infinite  plane,  standard  height,  modified  focus,  0° 

1A  infinite  plane,  standard  height,  modified  focus,  -8° 


Antenna 


Figure  Run 


i 


NULL  REFERENCE,  1-29 
standard  and 
aerified  focus 


SIDEBAND  REFERENCE,  1-30 
modified  focus  and 
height 


SIDEBAND  REFERENCE,  1-31 
modified  focus  and 
height 


Description 


0 standard  reference 

1 10^  ft.  lateral  strip,  standard  height  and  focus 

4 10^  ft.  lateral  strip,  modified  focus,  0° 

4A  10^  ft.  lateral  strip,  modified  focus,  -8° 

4B  ]0^  ft.  lateral  strip,  modified  focus,  8° 

0 standard  reference 

1 infinite  plane,  standard  height,  modified  focus 

2 106  ft  lateral  strip,  modified  height  and  focus 

3 10^  ft.  lateral  strip,  same  height  and  different 

focus 

4 10^  ft.  lateral  strip,  same  height  and  different 
focus 

5 10^  ft.  lateral  strip,  same  height  and  different 
focus 

0 standard  reference 

1 igfinite  plane,  standard  height,  modified  focus, 

0°  azimuth 

1A  infinite  plane,  standard  height,  modified  focus, 

-8°  azimuth 

IB  igfinite  plane,  standard  height,  modified  focus, 

8°  azimuth 

4 sloping  JO6  ft.  lateral  strip,  modified  height  and 

focus,  0°  azimuth 

4A  sloping  10^  ft.  lateral  strip,  modified  height  and 
focus,  -8°  azimuth 

4E  sloping  ft.  lateral  strip,  modified  height  and 
focus,  8°  azimuth. 


; 
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Antenna 

CAPTURE  EFFECT , 
modified  focus 
and  height 


CAPTURE  EFFECT , 
modified  focus 
and  height 


Figure  Run 


Description 


standard  reference 


sloping  10  ft.  lateral  strip,  modified  height  and 
focus 

sloping  10^  ft.  lateral  strip,  modified  height  and 
focus 

sloping  10^  ft.  lateral  strip,  modified  height  and 
focus 

sloping  10^  ft.  lateral  strip,  modified  height  and 
focus 

standard  reference 


sloping  10  ft.  lateral  strip,  modified  height  and 
focus,  0°  azimuth 

sloping  10^  ft.  lateral  strip,  modified  height  and 
focus,  -8°  azimuth 

sloping  10 ^ ft.  lateral  strip,  modified  height  and 
focus,  8°  azimuth 
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TABLE  1-2 


CATEGORY  I AND  II  GLIDE  SLOPE  DDM  TOLERANCE 


THRESHOLD 


b — 


ZONE 


B 


ZONE  2 — 

A 


ZONE  1 


LIMIT  OF 
COVERAGE 


A - 4 nautical  miles  from  threshold 
B - 3500  feet  from  threshold 

C - distance  at  which  commissioned  glide  path  is  100  feet 
above  the  threshold  horizontal  plane  (901  feet  for 
glide  slope  angle  of  2.86°) 


CATHDCRY 


I 

II 


ZONE 


1,2 

1 

2 

3 


T (Ma) 

(Deviation  of  the  average 
from  the  ideal  focused, 
infinite  plane  glide  path, 
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